We show in this paper that the growth rate of the Sen index is multi-decomposable, that is, decomposable simultaneously by groups and income sources. The multi-decomposition of the poverty growth yields respectively: the growth rate of the poverty incidence (poverty rate) decomposed by groups, the growth rate of the poverty depth (poverty gap ratios) decomposed by sources and groups, and the growth rate of inequality decomposed by sources and groups. We demonstrate that the multi-decomposition is not unique. It is mainly dependent on poverty lines defined on the space of income sources. An application to Scandinavian countries shows that poverty lines based on non-correlation between the sources of incomes imply serious underestimation of the contribution levels of the different components of the global poverty growth. The main contribution of our paper is to pay a particular attention to the poverty growth and its source components in order to avoid underestimation of poverty growth.
Introduction
Since the 80's, the literature on income inequality measurement has proposed two new fundamental ways of measuring income inequalities. The first one is the decomposition of income inequalities by subgroups. The second one is concerned with the decomposition of income inequalities by income sources. The first method was first axiomatized by Bourguignon (1979) and Shorrocks (1980 Shorrocks ( , 1984 . They highlight the possibility to decompose inequality into a withingroup component that gauges income inequalities within each group of the population and a between-group component that captures income inequalities between the mean incomes of the groups. The second technique, first axiomatized by Shorrocks (1982) , yields the ability to outline the contribution of each income source (wage, bonus, child support, ect.) to the overall amount of income inequalities. Since then, many authors have proposed solutions to merge the two methods, namely the multi-decomposition, aiming at obtaining a mixture of both decomposed components, see e.g., Shorrocks (1999) , Yitzhaki (2002) , Mussard (2004 Mussard ( , 2006 . Precisely, the resulting estimators provide 'source-within-group' and 'source-between-group' inequality components such as they account for the overall inequality exactly.
From our knowledge, the literature is quite silent about how this type of multi-decomposition can be adapted to poverty measures. Chakravarty, Mukherjee and Ranade (1998) propose a multidimensional poverty decomposition by introducing a class of poverty indices simultaneously decomposable by dimensions and groups of population. 1 This multi-decomposition rule is respected by the class of Foster-Greer-Thorbecke indices (FGT, 1984) , and by poverty indices relying on fuzzy set theory (see Mussard and Pi Alperin, 2007a) . Besides, the multi-decomposition is not available for all indices, and particularly, from our knowledge, not usable for the Sen index of poverty because of its multiplicative analytical structure. Indeed, being a non-additive poverty index, the Sen index multi-decomposition becomes an awkward task.
In the paper, we show in particular that the growth rate of the Sen index is "multi-decomposable".
Although the multiplicative structure of the Sen index and its growth rate were studied by Xu and Osberg (2001) throughout a subgroup decomposition layout, we propose to adapt the multidecomposition for simultaneous "source/subgroup" decompositions. As we will show with more precision in the paper, the Sen index is a mixture of three components: the poverty incidence (i.e. the head count ratio or proportion of poor), the poverty depth (i.e. the poverty gap ratio where gaps are defined to be the difference between incomes and the poverty line), and the inequality in poverty (inequality in poverty gap ratios). The analysis of the poverty change (poverty growth) between two periods is then a function of the incidence growth, the depth change, and the inequality change. The structure of the Sen index growth brings out many information, therefore, adding the information of the multi-decomposition of the Sen index growth may be of interest to capture additional specific determinants of poverty.
The third component of the Sen index is the Gini index of the poverty gap ratios. A wellsuited feature of this index is precisely the respect of the multi-decomposition property into "source/group" contributions. Therefore, the multi-decomposition of the growth rate of the Sen index will be connected with the Gini multi-decomposition studied in Mussard (2006 Mussard ( , 2008 and Mussard and Pi Alperin (2007b) . In particular, the multi-decomposition of the growth rate of the Sen index yields respectively:
• the growth rate of the poverty incidence decomposed in groups ;
• the growth rate of the poverty depth decomposed in sources and groups ;
• and the growth rate of the inequality of poverty gap ratios, decomposed in sources and groups. All these components sum up to the overall Sen index growth precisely.
The other challenge of the paper is the implementation of the multi-decomposition by choosing an adequate poverty line for each income source. Although there is some consensus about the poverty line of income (60% of the income median for European countries), there is no common practice to determine a poverty line for any given source of income. Subsequently, we propose three methods based on deprivation and fuzzy set theory. Our application to Scandinavian countries shows that poverty lines based on non-correlation between the sources of incomes imply serious underestimation of the contribution levels of the different components of the global poverty growth. The main contribution of our paper is to pay a particular attention to the poverty growth and its source components in order to avoid underestimation of poverty, which could lead to transfer cut-offs.
The remainder of the paper is organized as follows. In section 2, we introduce notations and discuss the feasibility of the multi-decomposition of the growth rate of the Sen index. In Section 3 we expose the result of the multi-decomposition especially when different perspectives of poverty lines are introduced. In section 4, the multidimensional decomposition of the Sen index growth is applied to Scandinavian countries. Finally, we close in Section 5.
2 The Multi-decomposition of the Sen Index
Notations and poverty identification
Let the number of income units, say individuals, in a population be n and the number of poor individuals with income below the poverty line z be q. In this population there are K distinct subgroups (sub-populations), k ∈ {1, 2, . . . , K}. In subgroup k, there are q k poor individuals among n k total individuals. The overall poverty rate (head count ratio) is H = q n and the poverty rate for subgroup k is H k = q k n k with H = K k=1 n k n H k . Let y i be the income of the ith person and z the poverty line. The poverty gap ratio (sometime called relative poverty gap or poverty gap) is:
for all q poor individuals. Then, the vector of poverty gap ratios of the poor is given by:
Let y m i be the mth income source possessed by the ith person. Her total income is the sum of all income sources she received:
The identification of the poor is based on to whether or not the income of an individual y i falls below the poverty line z. Obviously, this criterion is also applicable to any subgroup. However, when we attempt to analyse the contributions of shortfalls in income components to shortfalls in overall income, we have to consider different types of poverty lines. That is, the poverty line in overall income must be decomposable according to different sources:
We will explain in Section 3 three ways of dealing with this non-trivial problem of decomposing the poverty line in income sources. Accordingly, the poverty gap ratio in source m of individual i is expressed as:
such as M m=1 x m i = x i . While x i is non-negative, its components x m i can be negative, showing that a person can be poor (x m i > 0) in one dimension (e.g. wages) but rich (x m i ≤ 0) in another one (e.g. transfers). If the poverty line can be suitably decomposed, it is possible to define the poverty gap ratio in income source m of individual i in group k:
The average poverty gap ratio of the population and that of group k are respectively given by:
such as
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As the poverty gap ratio can be expressed in various ways such as by income source and subgroup, we can propose new decompositions for the Sen index. Before, let us review briefly the analytical structure of the Sen index and its third component, the Gini index.
Sen and Gini decompositions
Over the last two decades, one of the important developments in the literature on inequality and poverty measures was the new poverty measure introduced by Amartya Sen (1976), the so-called Sen index. This index is attractive -easy to understand and convenient for applied research and policy analysis -because of its decomposability into three measures of poverty:
incidence (the poverty rate), depth (poverty gap ratio), and inequality (1 plus the Gini index of poverty gap ratios) (see Xu & Osberg (2001) ). Naturally, economists and policy analysts would like to know whether it is possible to further decompose the Sen index components according to subgroups or income sources which allows researches to measure and, therefore, to appreciate how each of contributing components affects the overall inequality/poverty. Let us on the one hand remember the feasibility of subgroup decomposing the Gini index, which lead Xu and Osberg (2001) to propose a subgroup decomposition of the Sen index: 2
where G is the Gini index of poverty gap ratios of the poor, G w is the contribution of inequalities within K subgroups, G gb is the gross contribution of all inequalities between each and every pair of groups. 3 On the other hand, the Gini index is also decomposable by income sources. Thus, it is possible to gauge inequalities in poverty due to source m, for all m = 1, . . . , M :
2 In this paper, we will not discuss the SST (SSST ) index but this does not diminish the usefulness of the SST index. The results provided in this paper are still relevant to the SST index as the Sen index and SST index are closely related and have a one-to-one mapping according to Xu and Osberg (2001) :
That is, given H and xp, it is always possible to compute SSST from S and vice versa. 3 The gross between group component is also decomposable into G b -net between-group inequalities that excludes the overlap between the distributions of these groups -and Gt -the inequalities between the groups limited to the overlap between the conditional distributions or the intensity of transvariation (see Gini (1916) , Dagum (1959 Dagum ( , 1960 Dagum ( , 1961 Dagum ( , 1997 ). It is precisely Gt that prevents the Gini index from being subgroup consistent (see Shorrocks (1984) ). Now, we know that Gt measures stratification as well as distance between distributions, see Lerman and Yitzhaki (1991) and Dagum (1997) respectively.
where C m stands for the contribution of source m to the Gini index of poverty gap ratios.
Splitting the Gini index in income sources contributions is not a unique exercise, as can be seen in Rao (1969) , Pyatt (1976) , Shorrocks (1982) , Silber (1989) , Lerman and Yitzhaki (1985) , among others. However, there exists an income source decomposition in such a way that the Gini index, and in consequence the Sen index, may be decomposed simultaneously in all cells "subgroup k / source m". The Gini index multi-decomposition proposed by Mussard (2004 Mussard ( , 2006 Mussard ( , 2008 allows the Table 6 (in Appendix 1) to be determined (except we talk about inequality rather than poverty). This multi-decomposition is actually a subgroup Gini decomposition in which each element is further decomposed by income sources:
where G m w and G m gb are respectively the contributions of the mth source to G w and G gb . 4 The advantage of the Gini multi-decomposition is quite similar to the poverty one. Prior to the proposal of this multi-decomposition approach, researchers used to compute the margins of Table 6 (in Appendix 1): either the contribution of source m or the contributions to subgroup k to the overall amount of inequality G. Instead of looking only at the margins of Table 6 , the Gini multi-decomposition provides the contribution of the mth source of the within-group inequalities and of the between-group inequalities, respectively G m w and G m gb , that account for the global Gini index. If analysts were used exclusively the two traditional decomposition techniques, i.e., the "marginal" decompositions either by group or by income source, important mistakes could be done. Actually, the multidimensional decomposition brings to light the independence between these two types of decomposition. Suppose that marginal decompositions produce the two following results: source m and group k are the most important contributions. Then, it will be wrong to directly conclude that the couple "inequalities within group k / due to source m" is the most important contribution to G. Consequently, the multi-decomposition may yield a different couple than that of the marginal decompositions and compute precisely the greater value (or a lower one).
3 The results: multi-decomposition of poverty growth
Exogenous poverty lines
As mentioned in the previous Section, it is possible, and sometimes desirable, to consider decomposing poverty measures by income source and by subgroup simultaneously. Suppose that 4 More details about this technique are presented in Appendix 2a. 
Proof.
We know that:
The average poverty gap ratio in source m for subgroup k is:
Then,
Given Eq. (9), (10), the Sen index can be expressed as:
The result exhibits, under the condition that there exists a suitable decomposition of the poverty line by source of incomes (discussed in the next Section), a simultaneous source/group decomposition, namely the Sen index multi-decomposition, which is useful for analysts. For instance, it reveals whether inequalities in poverty gaps are due, e.g., to inequality in wages of the men group or to the inequality in rents and interest between men and women. Similarly, the multi-decomposition may exhibit inequalities in poverty gaps measured by wages within a region (say region A) and inequalities in poverty gaps measured by transfers between region A and B.
Proposition 3.2 The growth rate of the Sen index is linearly decomposable into the growth rate of incidence, depth and inequality of poverty.
The growth rate of the Sen index can be expressed as:
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The change in the different components between periods t − 1 and t can be approximated by
The growth rate of poverty between periods t − 1 and t is then:
This result shows that the growth rate of the Sen index is an increasing function of the rates of incidence, depth, and inequality between t − 1 and t. It can be shown that the Sen index depends on inequalities within groups, between groups, income sources and "groups/sources" inequality combinations.
This way of decomposing the Sen index is appealing from a practical point of view. 5 As depicted in Eq. (15), a change in the proportion of the poor and/or the average of income shortfalls below the poverty line is positively related to the change in the Sen index. The increase of inequality between periods t and t − 1 is also positively related to the change in the Sen index. This observation confirms that the Sen index satisfies the principle of transfer.
Indeed, a transfer of amount δ > 0 from a higher-income individual to a lower-income one necessarily implies a decrease in overall inequality measured by the Gini index, which further reduces poverty intensity measured by the Sen index.
Based on the above framework the growth rate of the Sen index can be captured by changes in poverty incidence, depth, and inequality by group and across groups. The examples of this application include regional analysis and comparative studies. This framework also helps researchers/policy makers to identify changes in source components that are mainly responsible for changes in poverty intensity. On the other hand, the implementation perspective offered by the multi-decomposition of the Sen index growth is significantly related to the poverty line decomposition. In this respect, we propose hereafter three possibilities.
Poverty line decomposition
As said previously, when we attempt to analyse the contributions of shortfalls in income components to shortfalls in overall income, we have to consider different types of poverty lines. That is, the poverty line in overall income must be decomposable according to different income sources, and the poverty lines by source of incomes must sum up to the overall poverty line z.
A simple way to deal with a suitable decomposition of z is to compute direct fuzzy measures of income deprivation for each component and their contribution levels to global poverty. It is worth mentioning that the technique aiming at computing poverty lines by sources is based on a postulate: the value of the overall poverty line z for the aggregate income is taken a priori.
Indeed, we take z as 60% of the median income, and on this basis, we seek to achieve the determination of the poverty line by source of incomes.
Let B m be the fuzzy sub-set of individuals (or households) such that any individual i ∈ B m presents some degree of deprivation in the mth income source. Let y m i be the equivalent income level of the ith individual and for the mth component, and let y min and y max be respectively the maximum and minimum equivalent income thresholds which are exogenously determinated.
Then, all individuals with an income value y m i ≥ y max will not belong to the B m sub-set. All individuals with an income value y m i ≤ y min will completely belong to B m . Finally, all individuals with an income value y min < y m i < y max will belong to B m with an intensity belonging to the open interval (0,1). 6 The degree of membership of the ith individual (i = 1, . . . , n) to B m with respect to the mth component is defined as the quantity of the mth source (m = 1, . . . , M ) possessed by the ith individual. Formally:
Particularly: Accordingly, it is possible to derive an unidimensional deprivation index (U DI) for each one of the mth income component as follows:
where φ m measures the degree of deprivation of the mth component for the entire population of n individuals.
Using the fuzzy sets technique allows one to calculate the contribution level of each component in two different ways. The first possibility is to consider the weight w m proposed by Cerioli & Zani (1990) (CZ) in which w m stands for the intensity of deprivation of X m . It is an inverse function of the deprivation degree of the individuals on this component:
6 Table 8 in Appendix 3 shows the y min and y max thresholds used in the empirical study.
Based on Dagum and Costa (2004) , which introduced the decomposition by dimension (item) in the context of fuzzy sets, it is possible to gauge the contribution of the mth item to the overall amount of deprivation:
where w m is the weight attached to the mth component.
The second possibility is based on the system of weights proposed by Betti & Verma (1998) (BV ). It takes into account the intensity of deprivation of m and it limits the influence of those components that are highly correlated. Betti & Verma (1998) defined the weight of any attribute as follows:
where w a m only depends on the distribution of the mth attribute, whereas w b m depends on the correlation between m and the others attributes. In particular, w a m is determined by the coefficient of variation of s m i :
The weights w b m are computed as follows:
where ρ m,m is the correlation coefficient between items m and m and F (·) is an indicator function valued to be 1 if the expression in brackets is true and 0 otherwise. ρ H is a predetermined cut-off correlation level between the two indicators. 7 w b m is the inverse of a measure of average correlation of item m with the other ones. The largest is the average correlation with item m, the lower is the resulting weight for item m.
Again, we deduce the contribution of the mth item to the overall amount of deprivation:
Since there is no common practice to determine a poverty line for each income component, we use the fuzzy set approach to compute in a more flexible way the direct measures of deprivation for each source (since it avoids using a poverty line which dichotomies the population). These measures are used to gauge the poverty lines by income sources. In addition, it allows to propose three different techniques to decompose the Sen index: Proof.
(ı) From the unidimensional deprivation index (U DI) Eq.(17), we get:
(ııı) Finally, from Betti & Verma's weight (BV ) Eq. (23) we have:
Substituting back one of these three expressions in Eq. (15) This way of computing poverty lines by income sources allows a hierarchical order of the different sources to be addressed. Thereby, the total poverty line will be decomposed according to the importance of each income component among the population.
Those three techniques will be used in the empirical applications. Before, one has to clarify the implications of the decomposed poverty line on the multi-decomposition of the Sen index growth. Indeed, the analyst has to be aware about the implications of the poverty line decomposition.
Poverty line decomposition by income source: the implications
In Section 2, we introduced the definition of the poverty gap ratios computed for each income source poverty line. Indeed, the poverty gap ratio in source m of individual i is given by:
As usual in poverty measurement, x i is nonnegative, indicating that individual i is poor in income since her/his income level is below the poverty line. In our method, we allow for x m i to be negative in order to maintain the equality: 
An index of poverty is invariant about Poverty Line Decompositions (PLD) if, and only if,
The fact that the Sen index (or its growth rate) is invariant with respect to the poverty line decomposition method is quite obvious. Indeed, whatever the method, we get / (x p ) t−1 =:
This result is summarised in the following proposition.
Proposition 3.5 The terms S 1 and S 3 respect (PLD), not S 2 .
Proof.
See Appendix 2b.
In consequence, the poverty incidence (the head count ratio S 1 ) and the inequality in poverty gap ratios S 3 are invariant to the poverty line decomposition, in particular, they are invariant to our three poverty line decompositions z into: z m U DI , z m CZ , z m BV , for all m = 1, . . . , M .
Empirical study: the Scandinavian countries
The empirical study is focused on Scandinavian countries. Their poverty level is rather a question of income than a question of non-monetary variables. The study of these countries gives the possibility of having positive income sources for all countries in order to apply the multidecomposition of the Sen index growth. . The analysis will be conducted at the household level. 10 Table 1 shows the householdsample sizes (by country and by year) covered in this empirical study. 10 The interest of working at household and not at individual level is explained by the possibility of comparing the total income level perceived by each member of the household. Then, it is possible to consider the use of some income sources as family and housing allowances.
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The 'total household income' is composed of gross personal income components (which will be the sum for all household members) and gross income components at household level. Three different income sources are considered: (i) income from wages (y w ); (ii) income from rents and interests (y ri ); and (iii) income from allowances and benefits (y ab ). 11 To make possible comparisons between households, the income variables has been divided by the 'equivalent household size' in order to account for economies of scale. 12 
The poverty lines by income sources
As we notice before, the multi-decomposition of the growth rate of the Sen index is implementable if and only if it is possible to decompose the poverty line according to different sources.
We identify in the previous sections three different ways of doing this 13 :
(ı) From the unidimensional deprivation index (UDI) Eq.(17), we get:
We have computed, for each country and for each component, the unidimensional deprivation index by source (U DI) and their contribution values to the global deprivation using the CZ and BV systems of weights (these values are presented in Table 2 ).
The weight values enable the poverty lines to be computed by sources via those three systems of weights (see Tables 3 and 4) . 11 It is important to notice that for all Scandinavian countries data is collected from registers. 12 Let HM 14+ be the number of households members aged 14 and over and HM13− the number of households members aged 13 or less at the end of income reference period. The equivalent household size = 1 + 0.5 × (HM 14+ − 1) + 0.3 × HM 13−. 13 In Appendix 2, the reader will find the construction of the s m i 's. Cerioli and Zani (1990) . BV: Contribution values calculated using the system of weight proposed by Betti and Verma (1998). Cerioli and Zani (1990) . BV: Contribution values calculated using the system of weight proposed by Betti and Verma (1998). Cerioli and Zani (1990) . BV: Contribution values calculated using the system of weight proposed by Betti and Verma (1998) . 
Each method verifies that
Results
The poverty growth rates between 2006 and 2007 have been computed for all the Scandinavian countries. Table 5 indicates that the growth rate of the Sen index has decreased in all countries but with different intensities, going from -0.38457 to -0.06254 in Iceland and Finland, respectively. The population is partitioned into male and female groups and the three types of poverty lines are decomposed into income sources. Accordingly, the growth rate of the Sen index can be explained by measuring the changes in poverty incidence, depth and inequality within male and female groups and across those two groups along the three different income sources. • 'ri', 'ab' and 'w' are respectively the incomes from rents and interests, from allowances and benefits, and from wages sources;
• men and women subgroups are indexed by the letters M and W.
For example, 'inq_w_M' corresponds to the 'change in the incomes from wage inequalities within the men's subgroup'. 14
Figure 1
The poverty growth in Denmark (Figure 1 ) is principally explained by the inequality component, mainly by the changes in incomes from allowances and benefits within the men's group and between men and women, and by the changes in incomes from wages within the men's group. Concerning the depth term, only the BV method presents 'dep_ab_M', 'dep_ab_W'
and 'dep_w_W' as the three most explicative components of the global poverty growth.
In Finland (Figure 2 ), both incidence and inequality terms have important contribution levels to explain the Sen index growth. The most explicative components are the incidence change of the women's group and the inequalities change from incomes, from allowances and benefits, and from wages in men's group. Even if the global contribution level of the second term is the same when using the three different methods for computing poverty lines by income sources, each 14 These contribution values are depicted in Tables 10 to 29 in Appendix 3. method proposes different contribution levels for each component. Then, the most explicative couples 'source/group' to changes in overall poverty are 'dep_ri_W' and 'dep_ab_M' when using the U DI method, 'dep_ri_W' when using the CZ method, and finally, 'dep_ri_W' and 'dep_ri_M' when using the BV method.
Figure 2
The inequality and incidence terms have the most important contribution levels to explain the poverty growth in Iceland and Norway (see Figures 3 and 4, respectively) . The most explicative components are the inequalities in 'ab' and 'w' income sources in the men's group, and the incidence in men and women's groups.
Analysing the second term in Iceland, the depth in the rent and interest income source in the women's group appears as one of the most explicative component using either U DI, CZ or the BV method. On the other hand, Norway's growth rate is mainly explained by the 'dep_ri_W'
and 'dep_w_W' components when using the U DI method; 'dep_ab_W' and 'dep_w_W' components when using the CZ method; and 'dep_ri_W' and 'dep_ab_W' components when using the BV method. 
Conclusion
In this paper, we show that the growth rate of the Sen index is multi-decomposable. The change in poverty intensity provides a quantitative evaluation of the contributions of the poverty growth of incidence, depth, and inequality components. Precisely, the method yields the contribution of each component, the contribution of each group, and the contribution of the inequalities in poverty within-and between groups, each term being decomposed in turn by the influence of the different income sources. We measure the contribution to the overall Gini index of the following combinations: "inequalities within group K / due to source m" and "inequalities between group K − 1 and K / due to source m". This multi-decomposition can also be extended into the case where a parametric model can be used to describe the data generating process of poverty gap 20 ratios. For that purpose, it is possible to gauge the impact of significant explanatory variables and specific social groups on overall poverty.
This methodology may contribute to open the way on new issues such as exploring the intimate interrelation between inequalities and poverty in a more general framework using fuzzy set theory (see e.g. Cheli and Lemmi (1995) or Dagum and Costa (2004) ) by means of a decomposition technique relying on fuzzy set theory.
Appendix 1: The multidimensional decomposition of poverty
The principle of the multidimensional poverty decomposition proposed by Chakravarty, Mukherjee and Ranade (1998) is depicted in Table 6 below. 
We observe a population of households with which we compute the global poverty, denoted by S, based on the observation of many socio-economic characteristics (dimensions). The global poverty is computed over several dimensions being income, health, education, etc., -dimensions are indexed by m = 1, . . . , M . The poverty multi-decomposition technique depicted in Table 1 yields the amount of global poverty S as well as the contribution of all dimensions to S. These contributions are given in line "Total Dimensions" of Table 1 : P m for all m = 1, . . . , M . For instance, based on the computation of these contributions, one can argue that health contributes with a 45% to the total amount of poverty S. It is worth mentioning that this property is not available for most indices we find in the literature, e.g., the Sen index. On the other hand, if the analyst is able to partition the population into k sub-populations (k = 1, . . . , K) such as gender, races, or other social characteristics, then the multi-decomposition method aims at providing the contribution of the kth group (k = 1, . . . , K) to the overall amount of poverty S. These contributions are given in column "Total Groups" of Table 1 : P k for all k = 1, . . . , K. One can argue, for example, that men contribute with a 70% to the global poverty S. Again, this decomposition is not available for all existing indices. Importantly, the feature relying on the multi-decomposition concept consists in capturing all the cells of Table 1 , i.e., to bring out the contribution of all the following couples: "Poverty in subgroup k and dimension m" to the global poverty S. These contributions are given in Table 1 : P m k for all k = 1, . . . , K and m = 1, . . . , M . This provides, for instance, a result such as "men's health contribute with a 60% to the global poverty".
The poverty multi-decomposition yields three results. The total poverty S is the aggregation of three types of contribution indices:
Inequality between groups
Prior to the proposal of this multi-decomposition approach, researchers often analyse the margins of Table 7 : either the contributions of source m to the overall inequality (see C m in line "Total Sources") or the contributions to G from inequalities in groups 1, . . . , K (e.g.,
. . , C K,K ) and inequalities between any pair in all K groups (see C 1,2 , . . . , C K−1,K ) respectively in column "Total Groups"). But instead of looking only at the margins of Table 7 , the multi-decomposition approach yields K +
M sub-indices. For example:
• the contribution to G issued from the inequality in source M (e.g. wages) of group K is:
• the contribution to G issued from the inequality in source 1 (e.g. transfers) between groups K − 1 and K is:
There are many reasons that motivate the use of the multi-decomposition technique. The subindices are not Gini indices but contribution indices, which satisfy the following properties.
Remember that C m denote the contribution of the mth source to the Gini index. Let C m · be the same contribution computed either on within-group or between-group inequalities.
(ı) If the distributions of the q income sources are q replications (say q identical variables),
If the q source distributions are equally distributed, then:
This means that some sources (e.g. transfers) may diminish the overall inequality, i.e. when C m · < 0. (ıv) Let x 1 and x 2 be the distributions of source 1 and 2, respectively. If
In consequence, the within-group contributions G m k,k (for all k = 1, . . . , K and m = 1, . . . , M ) and the between-group ones G M k,h (for all k, h = 1, . . . , K and m = 1, . . . , M ) are independent from the values of the z m 's (and dependent on z). S 3 respects (PLD). 28 
Appendix 3: The degree of membership
In order to compute the direct measures of income deprivation for each component we define in Table 8 the degree of membership of each household to the mth component, that is, s m i : 
Finland
Norway
